A model has been developed to conceptualize the relationships among a series of complex, interrelated factors that account for high levels of malnutrition among children in Malawi. It can be used as a tool for theoretical analysis and for programme evaluation. In this paper, the model is used to examine how interventions in cropbreeding strategies interact with existing rural social structure and influence household nutritional well-being in Malawi. It recognizes three tiers of causation: proximate, intermediate, and inclusive. The proximate tier refers to the immediate biomedical causes of malnutrition; the intermediate causes are those behavioural patterns that increase exposure to the proximate causes; and inclusive causes refer to the broad, social, economic, and cultural processes and structures in which the proximate and intermediate causes of nutritional status are embedded.
Introduction
Children are considered stunted when their height is less than 97% of that of all children in a well-nourished population of the same age. In Malawi, nearly one-third of children die before their fifth birthday, and more than half of those under age 5 are stunted, the result of chronic, long-term malnutrition [1] [2] [3] . A recent study conducted in Malawi's southern region (Zomba South) revealed that approximately two-thirds of children suffer at least moderate malnutrition in the post-harvest period, when food is most abundant, a figure that increases to nearly three-quarters before the next harvest [4] .
A series of complex, interrelated factors account for these high levels of malnutrition. A model developed to conceptualize these relationships recognizes three tiers of causation: proximate, intermediate, and inclusive. The model can be used both as a tool for theoretical analysis and for programme evaluation. We used it to examine how interventions in crop-breeding strategies interact with existing rural social structures and influence household nutritional well-being in Malawi.
The model is presented in figure 1 (see FIG. 1 . Three tiers of causes of high rates of child mortality). The proximate, intermediate, and inclusive tiers designate three categories of processes connected to the patterning of child mortality. The proximate tier refers to the immediate biomedical causes of malnutrition. It has long been recognized that malnutrition is an important contributor to infant and child mortality in developing countries. A synergistic interaction of malnutrition, diarrhoea, and lower respiratory tract infections is common, producing high rates of morbidity and mortality [5] [6] [7] . Many medical and public health programmes have addressed this proximate level (for example, through child-feeding programmes, immunization campaigns, and oral rehydration therapy) in an effort to improve health status.
The intermediate causes of malnutrition are behavioural patterns that increase exposure to the proximate causes. Anthropologists have focused on culture-specific patterns of child care that unintentionally predispose children to malnutrition and disease. For example, insufficient feeding of newly weaned children and their frequent exposure to infection may create a mortality crisis early in life. In many societies, including Malawi, children may be weaned to a high-carbohydrate diet that lacks sufficient calories and other nutrients if feeding is not frequent [811] . Also, some traditional ethnomedical treatments of illness in young children can initiate the downward spiral towards malnutrition [12, 13] . Interventions at the intermediate level are common and generally take the form of nutrition education and child-care training programmes.
The inclusive tier refers to the broad social, economic, and cultural processes and structures in which the proximate and intermediate causes of nutritional status are embedded. It is at this tier that we consider how social stratification along class, ethnic, and gender lines, and the power relations that support these divisions, shape the distribution of malnutrition and disease at the household and community levels. Elsewhere, we have termed these processes "ultimate" causes, a term drawn from Greek philosophy to emphasize that these causes are crucial determinants in the broad patterning of child mortality even though they are conceptually abstract and distant from the actual event of death [14, 15] . Analysis of this tier takes into account how developing countries like Malawi are linked into capitalist structures of world trade and international relations; what the implications of these relationships are for class, ethnic, and gender relations within Malawi; and what the health and nutritional outcomes of these social and economic divisions are. Explicit nutrition-related interventions at the inclusive level typically take the form of incomegeneration projects and formal and informal education programmes. They are directed particularly towards women, who are regarded as the keepers of children's health and as those most vulnerable to the negative consequences of development and change.
More frequent than programmes with explicit nutrition-related impact, however, and more significant in terms of health, are other types of interventions, including agricultural development projects, changes in pricing, and marketing structures or structural adjustment programmes. Indeed, it can be argued that many of these initiatives result in unintended consequences that make nutrition-related interventions necessary. We return to this point when we consider how crop-improvement programmes in Malawi may influence nutritional well-being.
Anthropological investigations of malnutrition and nutrition programmes frequently employ an approach that addresses only one tier of the model. The results have typically been partial explanations, including some of the victim-blaming variety, or only short-term improvements in health status. We suggest that basic research and health interventions can be improved if a process approach is used, one that takes into account the interactions among factors on the three tiers of the model. It is not crucial that planned intervention or research projects place equal weight on all three, but addressing one tier without acknowledging the potential impact of the others limits theoretical understanding and efficacy in dealing with malnutrition. To illustrate this point, we examine the potential nutritional consequences of different strategies of crop improvement in Malawi.
Crop-improvement strategies: Implications for nutrition

Macro-economic considerations
During the 1970s, Malawi's agricultural sector and economy in general experienced one of the fastest gross domestic product (GDP) growth rates in sub-Saharan Africa. This growth came from the rapid expansion of the estate sector, particularly tobacco produced for the export market [16, 17] . While exports of tobacco, tea, and sugar were increasing, food production was declining, a situation that led the government to increase the prices it paid for maize. The resulting bumper crops of the early 1980s allowed Malawi to export maize to surrounding nations and fuelled the image of the country as one of the economic miracles of Africa. At the same time, however, life expectancy in the country was only 46 years, and agricultural surveys revealed high levels of malnutrition and child mortality. These findings suggested that the economic growth model of the 1970s and early 1980s had benefited only a few, while the majority of small-holder farmers had not seen their circumstances improve.
To deal with this situation and a series of external economic shocks [17, 18] , the government has instituted numerous changes in agricultural development strategies over the last five years. In large part, these changes resulted from the conditions attached to structural adjustment loans (SALs) made to the government by the World Bank and the International Monetary Fund (IMF). The SALs address Malawi's deteriorating terms of trade and balance of payment problems by promoting new agricultural pricing policies, state divestiture of agricultural marketing functions, growth of the private sector, removal of fertilizer and other subsidies, and increased production of food and export crops [17, 18] .
These initiatives have potential impacts on health and nutrition. For the purposes of this paper, we focus on government and donor efforts to increase food crop production, particularly the production of beans, which are an important source of protein in the diet. Since 1981, researchers with the Bean/Cowpea Collaborative Research Support Program (CRSP) project at Michigan State University have worked with the Malawian National Bean Program at Bunda College to improve bean production in the country. Initial studies centred on understanding the biological and social factors responsible for the great amount of genetic diversity in Malawian beans [19] [20] [21] [22] [23] . Beginning in 1988, the focus of research shifted towards making use of this information in the breeding programme. Specifically, the CRSP is attempting to develop an innovative strategy that will maintain a high level of diversity in the bean crop. Our three-tier model can be used to explore the shape of this programme, consider some of the pressures and competing demands faced by its researchers, and examine the potential nutritional ramifications of the crop-improvement strategy.
Proximate and intermediate tier considerations
Malawian farming systems vary by ecological zone, size of land holding, crops grown, and several socioeconomic characteristics, including the type of marriage and descent system and the gender of the household head. Maize is the staple food, and is so important, in fact, that the words "maize" and "food" are used synonymously in some areas of the country [41. Reflecting the fundamental importance of this crop, it provides over 70% of calories in the average diet, and 70% of the land in the small-holder sector is planted in maize each year. Most of it consists of unimproved, local varieties that are often intercropped with beans or other pulses. Although hybrid maize has been promoted extensively, adoption rates have been low, never exceeding 10% and currently 5% [24] .
As part of the CRSP-sponsored research, a smallscale longitudinal survey of bean-production practices began in 1986 in Dedza Hills in Malawi's central region. This survey revealed that households planted an average of 13 bean varieties, almost all of them local types. Electrophoretic analysis of bean enzymes revealed that more than three-quarters of the beans grown were largeseeded Andean types. Most of the work involved in bean production is done by women, who are more familiar with bean plant characteristics and nomenclature than men. On many larger farms in the small-holder sector (over l.5 ha), the farmers we talked to preferred to monocrop beans, although they sometimes planted them in mixed stands. On smaller farms, beans were usually planted with maize and other crops.
Intercropping has numerous benefits, especially for small-scale farmers with under 1 ha of land. From an agronomic standpoint, the genetic and morphological diversity of intercropping makes more efficient use of water, soil, and fertilizer resources, suppresses weeds, and reduces insect and disease infestation. Socioeconomic advantages include more efficient use of land and labour, minimization of risk through distribution of food production and income over the agricultural cycle, and diversification of the diet [25] [26] [27] . Intercropping can increase total yield per unit of land by producing higher individual plant yield, higher total plant population densities. and a reduced competition among crop species [28|.
Many of these benefits also occur when several varieties of a single crop are planted in the same field. This practice stabilizes production by reducing the risk of disease epidemics and weather-related losses. The women in Dedza Hills were aware of the advantages diversity confers and gave two reasons for keeping large numbers of bean varieties. First, they reported that they needed many varieties because if some failed during the growing season, others would survive to feed their families. In fact, women planted beans that matured at different times to guarantee a steady supply over the growing season. Second, they held that each variety had its own characteristics and fulfilled different household needs. For example, some varieties produced superior pods or leaves, important items in the diet immediately preceding harvest, when food supplies were often low. Other varieties were grown because they were fast-cooking, stored well, or were easy to sell on the local market.
Recognition of the importance of crop diversity for family well-being is reflected in women's answers when they were asked their reasons for selecting the four bean varieties they planted in the greatest quantities during the 1987 growing season. In descending order of importance, they identified yield, taste considerations, cooking quality, marketability, date of maturity, healthrelated issues, insect and disease resistance, and ability to withstand environmental stresses. Although yield ranked first, it is significant that three-quarters of the reasons for selecting varieties had to do with other factors. Chief among these were taste considerations, cooking quality, and health concerns, which accounted for nearly half the responses.
We are currently exploring the relationships among size of land holding, labour constraints, and the amount and type of crop diversity. While intercropping is more common on farms smaller than 1 ha, these farmers have less diversity in the varieties of beans that are grown. For example, in surveys carried out in Dedza Hills and the Lilongwe Agricultural Development District, where holding sizes are smaller, the average numbers of varieties grown were 13 and 6 respectively. Similar results indicating a decline in diversity on small farms were also found in a survey of 300 farm families in Matapwata Extension Planning Area in the Blantyre/Shire Highlands Rural Development Project in the southern region.
The nutritional implications of different amounts and types of genetic diversity of crops have not been examined systematically in Malawi, so we have little to report at the proximate level of analysis at this time. There is reason to believe, however, that, in the absence of agricultural inputs that stabilize production, declines in crop diversity may result in greater nutritional risk, at least for certain strata of farmers. In our Lilongwe survey, many households with less than I ha of land did not produce enough maize and beans to meet consumption needs during the year. In fact, these households often consumed most or all of their planting stock and had to work for other farmers to obtain food and seed. Thus. opportunities to select seed types were restricted-farmers had to plant assortments of the available varieties. We hypothesize that women in these households find their families' precarious food supplies further jeopardized because they cannot obtain sufficient seed, especially of early-maturing varieties that provide food during the lean months.
Inclusive tier considerations
Although beans and maize are basically considered to be one crop by Malawian small farmers, for the purposes of agricultural research they are treated as separate commodities and assigned to different national research institutions. Bunda College of Agriculture, as mentioned earlier, has the mandate for beans, whereas most research on maize is carried out by the Ministry of Agriculture in collaboration with various donor agencies. Until recently, interactions between researchers in the two programmes have been relatively infrequent.
This division of the agricultural research establishment into commodity groups is only one element in the inclusive tier of analysis that we consider briefly. We are also interested in examining the pressures and competing demands placed on the national bean programme in its efforts to design and implement a plant-breeding strategy. Farmers themselves are one source of these pressures. We noted some of the advantages that women felt came from maintaining a diverse planting stock. Many agricultural researchers are aware of these benefits, and acknowledge that intercropping and mixed variety planting are rational strategies for farmers, especially in the absence of ready access to credit, fertilizers, improved seed, and other inputs.
Nevertheless, small-scale farmers' interests are only one element in the equation determining the type of plant-improvement strategy adopted. Researchers who want to improve indigenous cropping systems and to maintain and use indigenous germplasm in breeding programmes face strong pressures from other sources to moderate their views. Ultimately, these pressures derive from powerful economic concerns, including seed companies and other large distributors of agricultural inputs, who promote input-dependent styles of agricultural development. Bolstering these business interests is an ideology of scientific research in agriculture often promoted by international agricultural research centres and other international research organizations. In this view, problems in agriculture are defined as technical and production-oriented rather than social or political, and, not surprisingly, technological solutions are sought [29, 30] .
Many commodity-research programmes in Malawi have strong ties to the centres. In the case of beans, the link is with the International Center for Tropical Agriculture (CIAT). This organization recently established a southern African programme incorporating Malawian scientists, and it anticipates posting a plant breeder to Malawi in the near future. As a large-scale international research organization, CIAT brings with it, when it enters a country, its vision of the nature of constraints on bean production and promotes solutions based on this internationalized perspective. In Malawi, disease and insect infestations, particularly bean fly, have been identified as the major constraints on increasing bean yields. The solution proposed for these problems is to introduce germplasm with pest resistance. This usually involves screening material from various international nurseries (bean fly nurseries, rust nurseries, nurseries for anthracnose, angular leaf spot, halo blight, and other prevalent diseases) and releasing the varieties showing resistance, or attempting to introduce the desired trait into local material.
In Dedza Hills most of the beans farmers grow and prefer are the large-seeded varieties of Andean origin. Our surveys show that farmers throughout the country share these preferences [21, 31] . The CIAT material, in contrast, is often small-seeded and Meso-american in origin. Furthermore, many of the sources of resistance found in these nurseries are in the small and blackseeded types disliked by most Malawians. While these desired resistance traits can be introduced into more accepted Malawian seed types, there appear to be lethality barriers between gene pools, and such crossings take time to accomplish. The net effect of these factors and of the proliferation of nurseries is that Malawian researchers' time may be increasingly spent screening germplasm that is inappropriate for Malawian farmers, while efforts to screen and identify sources of resistance in their indigenous germplasm fall by the wayside.
These pressures against serious evaluation of local germplasm are coupled with other more generalized pressures that undermine the maintenance of genetic diversity on small farms. One of the most significant and pervasive of these is the focus on yield. The objective of most crop-improvement programmes is to develop higher-yielding disease-and insect-resistant varieties. Typically, these varieties are promoted as replacements for. rather than additions to, existing crop inventories maintained by farmers. Reflecting this orientation, the national seed companies in Malawi and Tanzania multiply and sell only one or two varieties of beans at a time.
This yield-focused and sequential approach to crop development contrasts with existing bean-production practices and preferences. Although farmers want highyield varieties, by themselves these varieties will not meet the full range of household needs, and if promoted exclusively, they could have detrimental nutritional effects under current farming conditions.
Conclusion
The competing demands on the Malawian national bean-improvement programme are likely to remain a continuing source of debate in the years to come. Researchers in the programme must attempt to strike a balance between small-scale farmers' interests, which are expressed in the idiom of crop diversity, and the pressures from donor and Ministry of Agriculture officials to pursue commodity-oriented research, emphasizing use of exotic germplasm and focusing narrowly on increasing yields.
The three-tier causal model of malnutrition provides a useful framework for considering the complex series of biological, behavioural, and socio-economic interactions that give rise to different patterns of malnutrition. In the Malawian case, considerable stratification exists within the small-holder sector. Size of land holding, types of crops grown, gender of the household head, and other variables differentiate groups of farmers from one another. The inclusive tier decisions in the agricultural arena that shape plant improvement strategies are likely to have different nutritional consequences for various groups of Malawian small holders. Malawian agricultural scientists are not alone in facing such choices; similar pressures exist throughout eastern and southern Africa. The important questions are whose interests will be served by the plant-breeding and improvement strategies that are instituted, and whether these strategies will increase or decrease differentiation and poverty.
